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Disclaimer

... I am not (yet) an astro-physicist!

I’ve been doing collider physics....
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DM: what do we know?

 unknown unknown

    known unknown

    known known



What do we hope?

Non-gravitational interaction
Weak-level interaction
Mediated by massive particles
Gives the right relic density
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Probes
Direct

(Xenon etc)
Indirect

(FermiLAT etc)

SM SM

SM

SM

SM

SM

Collider
(ATLAS etc)



Photons



Fermi 



Detector



Performance

For true photon energy of 130 GeV

Theta
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Fermi results

FermiLAT
1205.2739
May 2012



The line

Weniger
1204.2797
May 2012
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Lines



Two lines, or not two lines?

Y = Z, h,...

Rajaraman, Tait, DW
1205.4723



Lines!

mx = 130
Eϒ   =130 (ϒϒ)

mx = 130
Eϒ  = 110 (ϒZ)
Eϒ  = 130 (ϒϒ)

mx = 145
Eϒ  = 130 (ϒZ)

Rajaraman, Tait, DW
1205.4723



Fun with titles

Rajaraman, Tait, DW
1205.4723



Analysis
mx = 145
Eϒ=130 (ϒZ)

mx = 130
Eϒ=130 (ϒϒ)

mx = 130
Eϒ=110 (ϒZ)
Eϒ=130 (ϒϒ)

Rajaraman, Tait, DW
1205.4723



Analysis

Rajaraman, Tait, DW
1205.4723
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Processes

Lisanti, IDM2012
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Continuum

Cohen et al 
1207.0800

WW



other theories
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photons

Could the peak photons be spurious?
Are they different in some way?



First idea
isolate signal photons
Use energy cut

But
S/B is not large.
Few signal photons.

Can we do better?
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Whiteson
1208.3677



Results

Whiteson
1208.3677



variables

Whiteson
1208.3677



External issues?

Whiteson
1208.3677



Reconstruction

Whiteson
1208.3677



       Limb

zenith
angle

Limb

1st reported:
Finkbiener, et al

1209.4562
zenith [110,114]
theta [30,45]

zenith [110,114]
theta [0,60]



       Limb

zenith
angle

Limb

Whiteson
1302.0427

zenith [110,114]
theta [30,45]

0.75 0.75

zenith [110,114]
theta [0,60]



Other sources

Earth’s limb is a powerful
control region.

Are there other regions?



Other sources

Earth’s limb is a powerful
control region.

Are there other regions?

The Sun!



Solar region
Find galactic coord
 of solar photons



Solar region
Find galactic coord
 of solar photons

excluding GC

Whiteson
1302.0427



Solar region
Find galactic coord
 of solar photonsexcluding GC

Whiteson
1302.0427



Common features

(1) Find common values of 
instr. variables across  peaks:

GC / Limb / Sun

(2) Examine remainder of sky 

Do those instrumental features 
produce a peak at 130?

GC
Sun
Sky-GC-Sun



DNA ...

GC

Sun

Limb



Common features?
GC

GC

Limb

Limb Sun

Sun

Whiteson
1302.0427



theta
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All

Theta
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theta
GC Sun Limb Sky-GC-Sun

All

Theta
[30,45]

GC
Sun
Sky-GC-Sun

Whiteson
1302.0427



theta
GC Sun Limb Sky-GC-Sun

All

Theta
[30,45]

GC
Sun
Sky-GC-Sun

Whiteson
1302.0427



Discussion

Theta restriction
 - reveals Limb peak, feature in Sky-GC-Sun
 - reduces GC, Solar peaks

What is going on?  One possibility:
 - Energy-dependent efficiency in some theta-phi space
 - Sun/Limb/GC sweep out different paths in theta-phi space
 -we see a hint in the sky spectrum just from theta
   if we could identify theta-phi region, 

might potentially enhance feature in sky



Simulation: GC
E>50 E>100



Simulation: GC
E>50 E>100



Background
Typical to assume a featureless power-law.

One test
Look away from DM density

But
Can that describe the GC? Rao & DW

1210.4934





more

Finkbiener, et al
1209.4562



Symposium

Eric Charles



Updated results
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Where are they from?

Finkbiener&Su
1206.1616



The photons

Rao & DW
1210.4934

Following results
use a 3-degree
circle. Results

are ~ the same for
larger regions



Locations

Rao & DW
1210.4934



Zoom: 1 degree

Rao & DW
1210.4934



Locations

Rao & DW
1210.4934



Questions
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Hypothesis tests
(l,b) fit far from GC
q → negative

(l,b) fit is close to 0,0
q → zero



Questions



Hypothesis tests
(l,b) fit far from GC
q → negative

(l,b) fit is close to 0,0
q → zero



separate fits are better
q → larger

joint fit is better
q → smaller

Hypothesis tests



Locations

Conclusion:
The photon locations are easily

consistent with a single DM halo at the GC



Hinchliffe’s Rule





Conclusions
Supporting evidence
Features
  - strong stat power

Locations
  - consistent with GC

No instrumental problems
  - identified so far
  - some hints in theta, B

Concerns
Background assumptions
  - fair to assume featureless?

No Continuum
  - requires some theory
    gymnastics

Limb, solar signals
  - need resolution



Backup



Sensitivity Whiteson
1208.3677

Background: flat

Signal: delta func at 0.5

Discriminating var Unfolding var
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Continuum

Lisanti, IDM2012



How much?
WW

Large R: little ϒϒ+ϒZ
Small R: mostly ϒϒ+ϒZCohen et al 

1207.0800

Shape fit



angles
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